At present, increasing attention is being paid to the modification of industrial rubber compounds with small quantities of fillers at the stages of rubber mix production. The advantages of this method include the creation of elastomers with the necessary combination of properties that are based on industrially accessible feedstock, the use of traditional technology, and the universality of the method in the creation of materials of different types and designations [1] . The most effective fillers are highly disperse fillers [2, 3] with a greater specific surface. In this connection, to create new elastomer composites, nanodisperse, nanoporous substances are attracting attention, the unique properties of which are associated with their nanosized particles [4] .
In this work, to modify rubber compound V-14 of sealing designation, based on nitrile butadiene rubber BNKS-18, promising carbon-containing nanodisperse fillers were selected -ultradisperse diamond graphite (UDDG) and heat-expanded graphite (HEG).
UDDG is an intermediate product of ultradisperse diamond (UDD) production [5] . UDDGs are used successfully as antifriction additives in different lubricants [5] , in which, by comparison with the normal graphite traditionally used, it possesses a number of advantages that predetermine its unique properties: it possesses better adhesion to metal surfaces and a capacity for adsorption; it possesses high chemical reactivity, which increases the interaction at the medium-filler boundary; it forms a continuous lubricating layer between friction surfaces, eliminating their direct contact. The chemical composition of UDDG is as follows: cubic diamond 30 wt%; graphite and amorphous carbon 58 wt%; solid oxides and carbides 6 wt%; adsorbed water 3 wt%; gaseous impurities (N 2 , CO 2 , N 2 O, NO, O 2 , CO) 3 wt%. Its particle size is 4-6 nm, and its specific geometric surface 680 m 2 /g. Heat-expanded (swollen) graphite (HEG) is a newgeneration high-tech material. It is well known and possesses all the positive qualities of graphite: heat resistance, chemical resistance, and a low friction coefficient. Its distinguishing novel feature is plasticity, making it possible to mould articles from it without introducing any binder. HEG has a developed porous structure with pores of less than 1.0 nm size [6] . The high porosity of HEG and the presence of macro-, meso-and micropores have resulted in its use in different sectors of industry [7] .
Thus, the given advantages of UDDG and HEG make it possible to expect the production of newgeneration elastomeric sealing materials with improved tribotechnical properties, as the application even of simple carbon graphite as an antifriction additive yields positive results [8] .
The process of heat expansion (swelling) of graphite was carried out in a muffle furnace at a temperature of 950°C for 2-3 min. HEG and UDDG were introduced into the elastomer matrix by standard technology for the manufacture of a rubber mix on a Brabender PL-2200-3 plasticorder with subsequent homogenisation on a mill. The specimens were vulcanised at a temperature of 155°C for 20 min.
The research package on modified rubber compounds included: investigations of the elastic strength properties under elongation according to GOST 270-75, the relative hysteresis under elongation according to GOST 252-75, the resistance to hydrocarbon media according to GOST 9.030-74, and the coefficient of cold resistance with respect to elastic recovery after 20% compression according to GOST 13808-79. Tribotechnical tests were conducted on an SMTs-2 friction machine. Tests were conducted by a "shaft-sleeve" scheme with the following parameters: load 67 N; slip velocity 0.39 m/s; friction path 7 km; friction regime -dry. Abrasive wear was determined according to GOST 23509-79. Visual investigations of structure were conducted on a JEM-6A electron microscope (JEOL, Japan).
Modification of rubber coMpounds with uddG
When up to 1 wt% UDDG is introduced into a V-14-grade rubber mix, a homogeneous, high-quality mix is produced. When the rubber mix is filled with over 1 wt% UDDG, the agglomeration of ultradisperse particles can be seen. In this case there was a change in the behaviour of the rubber mix on the mill: surface bubbles appeared, and the mix did not cover ("coat") the surface of the rolls. Therefore, the UDDG content used in the present investigations did not exceed 1 wt%. Table 1 sets out the results of investigating the effect of UDDG on the main service properties of V-14 rubber. The presented results show that the introduction of UDDG leads to a considerable increase in the breaking elongation by comparison with the initial rubber compound. The tensile strength decreases slightly in the entire range of UDDG concentrations.
The results of investigating the abrasive wear resistance showed that the modified rubber possessed a 13% higher wear resistance. The effect of UDDG was most evident in a reduction in the values of the friction coefficient by comparison with unmodified rubber V-14.
The conducted low-temperature investigations showed that, down to a temperature of −35°C, the coefficient of cold resistance of the rubbers (K elast.recov ) is practically the same. The difference in the values of K elast.recov of the rubbers is most marked at a temperature below −40°C. This is very important for rubbers used at low temperatures, as even a small increase in the coefficient of cold resistance at critical temperatures close to the glass transition temperature (T g ) makes it possible to increase the range of use of articles of such materials. The greatest increase in cold resistance is achieved at a temperature of −50°C.
Investigations of the resistance of modified rubbers to corrosive media were conducted in media in which moving elastomer seals are normally used: in AMG-10 and I-20 oils and in crude oil (from the Talakansk field) at 70°C for 72 h, and in petrol A-76 at 30°C for 1 week. It was shown that the introduction of UDDG leads neither to an improvement nor to a deterioration in the behaviour of V-14 rubber in corrosive AMG-10 and I-20 oils. A certain improvement in resistance was observed in Talakan crude oil, and especially in petrol A-76.
The results of investigating the hysteresis characteristics of modified rubbers showed that, under elongation, the lowest hysteresis, i.e. the lowest internal friction, is possessed by rubber compound V-14 filled with 0.5% UDDG. This can lead to a higher durability of articles manufactured from UDDG-modified nitrile butadiene rubbers.
Electron microscope investigations showed a deterioration in the microheterogeneity of the system, even with UDDG doses of ≤1%. The appearance of layered structures, formed owing to the preferential content of graphite in the composition of UDDG, can be traced. This makes it possible to state the most probable reason for change in the physicomechanical properties of the modified rubbers.
Modification of rubber coMpounds with heat-expanded Graphite
In contrast to UDDG, HEG is introduced in large quantities into rubber mixes without any deterioration in mix homogeneity, and therefore, by the modification of rubber compounds with HEG, it became possible to lower the amount of filler (carbon black) of the rubber compounds. To determine the effectiveness of HEG, in the present work an investigation was made of trial mixes of the following composition: 100 parts BNKS-18 rubber; 2.5 parts sulphur; 1,5 parts 2-mercaptobenzothiazole; 2.5 parts zinc oxide; 0-100 parts P803 carbon black; 0-20 parts HEG. Table 2 presents the results of investigating the physicomechanical properties of the trial rubber compounds. It can be seen that the best results were obtained with a ratio of carbon black to HEG of 50:10: a considerable increase in breaking elongation was observed, with retention of the level of the remaining properties. Thus, the possibility was shown of a considerable reduction in the total content of active fillers introduced into the rubber mix when HEG is used.
The next stage of the studies on the modification of rubber compounds with HEG was to modify rubber of industrial grade V-14. The content of P803 carbon black in the base formulation of V-14 amounts to 130 parts. As the active filler, use was made of a binary mixture of P803 carbon black and HEG in quantities of 50 and 10 parts per 100 parts rubber respectively, i.e. the content of active fillers was again reduced.
Investigation of an HEG-modified rubber compound showed that it had an increased breaking elongation and a considerably greater wear resistance. The modified rubber should possess increased durability, which can be judged indirectly from the reduction in relative hysteresis. On the basis of the findings it can be concluded that the nature of the effect of HEG on the elastomer matrix is similar to the effect of UDDG. A feature of the effect of HEG is the possibility of improving certain properties with a reduction in the total content of active filler. In particular, this appears to involve an increase in K elast.recov at −40°C, as it is known that in the transition region (above T g ) K elast.recov increases with decrease in the content of active filler [9] . Thus, the tests conducted have shown that UDDG and HEG are promising fillers that make it possible to change purposefully the properties of elastomeric materials. On the basis of the conducted investigations, formulations of rubber mixes modified with UDDG and heat-expanded graphite have been developed, which are protected by Russian patents [10]. 
